INTRODUCTION
============

Although cancer of pancreas has a low incidence of nearly 11/100.000 person-years, it is the fifth most common cancer occurring today in humans. Moreover, it is the fourth among cancer caused deaths due to its poor prognosis rates.[@B1] Only one fifth of patients are eligible for surgery at presentation.[@B2] Predictability of patient subgroup with high early recurrence rate may be helpful in appropriate management of the disease. Knowing this information, appropriate time and type of surgical intervention may be selected along with neoadjuvant and adjuvant systemic chemotherapies.

Imaging techniques, such as endoscopic ultrasonography, computed tomography, and magnetic resonance imaging, are widely used in the evaluation of pancreatic ductal adenocarcinoma (PDAC) patients, however, their applications are limited because of their inconsistent sensitivity and specificity.[@B3][@B4] Outcome of PDAC patients are routinely predicted by using conventional prognostic factors determined postoperatively.[@B5] Therefore, although they are quite expensive, and are presented with technical problems, new potential preoperative prognostic indicators have been under investigation. Some new serum markers, such as MMP7, MUC1 and MUC2, have been proposed in evaluation of PDAC patients.[@B6][@B7]

Previous studies indicated that systemic inflammation of host might be helpful in estimation of clinical outcome, and interactions between tumor and host immune system independently, thus promoting tumor cell proliferation, metastasis, and activation of inflammatory cascade.[@B8] Markers such as neutrophil/lymphocyte ratio (NRL), platelet/lymphocyte ratio (PRL), and modified Glasgow prognostic score (mGPS) have been proposed to determine systemic inflammation in cancer patients.[@B9][@B10] Although it has not been completely clear, some of potential preoperative prognostic indices may be serum C-reactive protein (CRP) levels, lymphocyte count, PLR and NLR in patients with PDA.[@B10][@B11][@B12]

In the present study, it was aimed to investigate prognostic roles of pre-operative inflammatory response (platelet, and lymphocyte count; NLR, PLR and serum CRP) in PDAC patients treated and followed-up in our surgery department.

MATERIALS AND METHODS
=====================

This retrospective study included data from 133 consecutive patients with PDAC, who applied to our institution between years 2013 and 2015. Patients, who were diagnosed with PDAC by cytology, or by surgical resection samples, or were assumed to have PDAC by radiological assessment, were included in this study. Rare histological subtypes, such as acinar cell carcinoma and neuroendocrine carcinoma were excluded from the study. All clinico-pathological data were retrieved from medical records at our institution. Tumor staging was performed according to the 7th edition the TNM classification system.[@B13] Laboratory parameters including neutrophil, and leukocyte counts, CRP and CA19-9 were measured before each treatment modality. Follow-up evaluations were performed every three months within the first three years, six months for five years and annually thereafter for curative resected tumors. The dates of death were obtained from the central registry. The study was approved by the local ethical committee with number of HNEAH-KAEK2016/KK/94.

Statistical analysis
--------------------

For comparison of normally distributed groups, Student\'s t test was used, whereas Mann Whitney U test was used for comparison of abnormally distributed groups. Non-parametric statistical methods were used for values with skewed distribution. For comparison of more than two normally distributed groups One-Way ANOVA test was used, whereas Kruskal Wallis test was used for comparison of more than two abnormally distributed groups. Non-parametric statistical methods were used for values with skewed distribution. The correlation between two abnormally distributed continuous variables was examined by Spearman Rho Correlation Coefficient.

Statistical analysis was performed using the MedCalc Statistical Software version 12.7.7 (MedCalc Software bvba, Ostend, Belgium; <http://www.medcalc.org>; 2013).

RESULTS
=======

A total of 133 patients managed for PDAC were identified in database between years 2013 and 2015. There were 84 males and 49 females with the mean age of 67±10.6 years (range 21--83). The mean survival time was 439.04±393.7. Totally there were 50 patients who underwent the operation. The biochemical and clinicopathological characteristics of the patients were shown in [Table 1](#T1){ref-type="table"}. Pancreas cancer was diagnosed generally in an advanced stage. Early stage disease was infrequent among both radiologically diagnosed as well as among the operated patients (radiological and pathological T1 was 2.3% vs 4.2%, respectively). There was statistically significant relation between radiological staging and CA19-9 or survival (*p*=0.001 and *p*=0.005, respectively). According to the Post-Hoc binary comparisons, there are significant differences in CA19-9 level between stage I and III, I and IV, II and III, and II and IV. In addition to overall survival was significantly longer in stage I patients compared to stage III patients (Mann-Whitney, U *p*\<0.008 Bonferroni correction) ([Table 2](#T2){ref-type="table"}).

CRP and also CA19-9 levels were statistically significantly higher in patients with radiological lymph node metastasis than in patients with N0 disease (Mann-Whitney U test; *p*=0.037 and *p*=0.026, respectively) ([Table 3](#T3){ref-type="table"}). NLR and CA19-9 levels were also higher in metastatic disease (Mann-Whitney U *p*\<0.05) ([Table 2](#T2){ref-type="table"}).

[Table 3](#T3){ref-type="table"} shows comparison of serum markers in respect to presence of lymph node metastasis on operated patient and there was no significant relation between blood parameters and N0 and N1 disease (Mann-Whitney U, Student t *p*\>0.05). The comparison between pathological T stage could not be performed because of p-value could not be calculated due to small number of pathological stage I (n=4), pathological T1 (n=2) and T2 disease (n=6) ([Table 3](#T3){ref-type="table"}).

According to Spearman\'s correlation analysis, we found in all patient that negative correlation between survival time and CRP and neutrophil count (Spearman\'s rho, *p*=0.019, *p*=0.011) ([Table 4](#T4){ref-type="table"}).

When operated patients were compared to non-operated ones; CRP, CA19-9 levels were significantly higher among the group of non-operated patients. On the other hand, patients who underwent operation had longer survival than the metastatic patients (Mann-Whitney U; *p*=0.007, *p*\<0.001, *p*=0.001) ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

In spite of increasing sophisticated imaging and staging techniques for PDAC, the unfavorable prognosis of PDAC cannot be improved. To optimize the management as surgery or systemic therapy planning, new prognostic and predictive factors are needed. Tumor burden and microenvironment modulate inflammatory response as a result in elevated inflammatory markers and effects on prognosis has been reported in various malignancies.[@B14] Elevated CRP or NLR are independent prognostic indicator in resectable PDAC, and associated with the decreased median survival, cancer-specific or disease-free survival.[@B15] Sierzega et al.[@B16] reported that NLR might indicate significant prognostic information for patients with resected PDAC, and concluded unfavorable prognosis, which was related to decreased number of immune cells effective against tumor, and increased cell population involved in immune suppression. The aim of this study was to review the evidence for CRP and NLR as prognostic indicators PDAC to determine their benefits in patient management.

In our study, we determined that both CRP level was statistically significantly higher in patients with radiological lymph node metastasis than in patients with N0 disease, and also NLR level was also higher in metastatic disease. Although it was not demonstrated in our study, PLR elevation was associated with worse survival in various solid tumors. The unfavorable prognosis might be correlated with decreased number of effective immune cells, and increased cell population causing immune suppression.[@B17] Cheng et al.[@B18] reported in their meta-analysis, which included 9 cohorts and 2035 patients, that NLR elevation predicted poor prognosis, and shorter overall survival in PDAC patients, and they concluded NLR elevation could be a predictor for poor survival in patients with pancreatic cancer with easy to access, and at a lower cost.

In previous studies, it was reported that an increased neutrophil production was associated with higher proportions of immature cells, and an altered functional status promoting more aggressive growth of the tumor. It was reported that neutrophils had a role in angiogenesis, vascular invasion and metastasis.[@B19] The cytokines involved in cancer-related inflammation, including interleukin-6 and tumor necrosis factor-alpha, para-neoplastic production of myeloid growth factors might induce neutrophilia.[@B20] Elevated levels of tumor-infiltrating lymphocytes were reported to induce an effective anti-tumor cellular immune response in the primary tumor site.[@B21][@B22] Neutrophils inhibit cytolytic ability of lymphocytes.[@B23] Lymphopenia indicates disease and is related to the immune escape of tumor cells from tumor-infiltrating lymphocytes.[@B24] As a result, elevated NLR generates an immune microenvironment promoting vascular invasion, and suppression of the host immune system. Additionally, monocytes can exert local immunosuppressive effects promoting tumor growth and angiogenesis.[@B25]

CA19-9 is the most commonly used serum tumor marker for pancreatic cancer prognosis and treatment monitorization in PDAC. Its plasma level is dramatically increased during neoplastic disease. Since serum CA 19-9 level is associated with tumor burden of PDAC, patients with elevated CA 19-9 level may be at more advanced stage.[@B26] In our study, there was a statistically significant correlation between radiological staging and CA19-9 or survival, and there were significant differences in CA19-9 level between stage I and III, I and IV, II and III, and II and IV. In addition, the CA19-9 levels were statistically significantly higher in patients with radiological lymph node metastasis and solid organ metastasis than patients with N0 disease. We highlighted again the preoperative CA 19-9 levels correlated with patient prognosis, and its serum levels were taken into account to decide respectability of PDAC.

Being an acute phase protein produced by the liver as part of the systemic inflammatory response, CRP has an important role in inflammatory processes and adaptive immune system. Tumor cells recruit endothelial cells, fibroblasts and inflammatory cells to shape their unique microenvironment, and results in a microenvironment enriched with proinflammatory cytokines and chemokines.[@B27] The binding of CRP to phospholipids on tumor cells as an opsonin, augmenting tumor cell phagocytosis.[@B28] A higher tumor stage can lead to a greater extend of systemic inflammation by release of tumor-degradation products, which in turn increase the CRP production in the liver. Elevated plasma CRP may represent a response secondary to tumor necrosis, and local tissue damage reflects a high tumor burden.[@B29] Thus, CRP may not only represent a response to tumor microenvironment, but also contribute to opsonization and elimination of tumor cells. In our study, CRP levels were statistically significantly higher in patients with radiological lymph node metastasis than patients with N0 disease. CRP levels were also significantly higher in patients with metastasis than non-metastasis, and there was a negative correlation between survival time and CRP. Similarly, Szkandera et al. confirmed the correlation between elevated CRP levels before management of PDAC, and decreased cancer specific survival of patients with PDAC.[@B30] Pine et al.[@B11] reported that increased plasma CRP concentration at the time of presentation of advanced PDAC carried a poor prognosis independently from biliary tract obstruction. As a result, CRP was a simple, repeatable, inexpensive and easily available marker showing a potential to select patients at high risk for poor clinical outcome for appropriate treatment strategies.

There are some limitations in our study; retrospective design and low quality. Patient cohorts were heterogeneous with regard to presence of associated inflammatory condition, and the use of anti-inflammatory medications. In addition, lymphocyte and monocyte subpopulations were not analyzed in our study, and we did not evaluate the functional status of immune cells.

Although these limitations, we found significant differences in CA19-9 level between stage I and III, I and IV, II and III, and II and IV in PDAC. In addition, both CRP and CA19-9 levels were statistically significantly higher in patients with radiological lymph node metastasis than in patients with N0 disease and NLR ratio and CA19-9 levels were also higher in metastatic disease. When patient who underwent operation due to radiological non-metastatic disease were compared to ones who were not operated, low CRP but higher CA19-9 levels were determined. We also determined in all patients that there was a negative correlation between the survival time, CRP and neutrophil count. As a result, preoperative CRP, CA19-9 and NLR are simple, repeatable, inexpensive and easily available markers, which may well inform about lymph node and solid organ metastasis and survival and provide clues for prognosis and can be useful in clinical staging of patients with PDAC. However, high-quality studies and more multicenter prospective cohorts are required to validate the role of inflammatory mediators.
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###### The comparision of the parameters according to radiological N and M levels and stages

![](ahbps-23-155-i002)

CRP, serum C-reactive protein

^\*^Mann-Whitney U *p*, ^\*\*^Student t *p*, ^\*\*\*^Kruskal Wallis *p*

###### The comparision of parameters according to pathological N stage
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###### The results of correlation analysis on survivor
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CRP, serum C-reactive protein; Spearman\'s rho, *p*\<0,05

###### The comparision of parameters according to operabilities
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